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derive the transient behavior of a series queueing network that is related but not 
equal to the Jackson network. The symmetry methods used for solving its transient 
distribution permit a derivation of its non-product form steady state measure. 
The Transient Behavior in Erlang's Model for Large Trunk Groups and Various 
Traffic Conditions 
Debasis Mitra* and Alan Weiss, AT&T Bell Laboratories, Murray Hill, NJ, USA 
We consider the classic queueing problem in telephony: obtaining the probability 
that a customer who attempts to use a phone finds no circuit available. Specifically, 
we suppose that a group of N trunks (circuits)is empty at time t = 0, and thereafter, 
receives a Poisson (A) stream of calls, each call having an independent, exponentially 
distributed holding time with mean one (1). This is an M/M/N~ N queue. We let 
E(t; N, A) denote the probability of blocking; that is, E(t; N, A) is the probability 
that all N circuits are in use at time t. By scaling A with N so that A = IVy, we 
obtain asymptotic expressions for E (t; N, Ny) as N becomes large for three natural 
cases: y < 1 (light traffic), y = 1 (moderate traffic), and y > 1 (heavy traffic). 
We also obtain sample path results. For example, let ZN(t) denote the fraction 
of trunks in use at time t (0<~ ZN(t) <~ 1), and define Wr(t) = y(1 - e-')  + C(e' - 1), 
where C = 1 -  y (1 -e -T ) / (e r -1 ) .  Conditioned on ZN(T)= 1, we can show that, 
for any e > 0, 
lim P( sup IZN(t)--WT(t)I<EIzN(t)=I)=I. 
N~<x~ O<~t<~T 
(If y> 1 we need T<log  y / (y -1 )  for this result to hold.) 
The results are derived in two ways. Most of the asymptotic expansions come 
from the Laplace transform of E(t; N, A), which we expand using Laplace integral 
asymptotics and then invert. The sample path results are obtained from the theory 
of large deviations. 
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We study three queueing models where storage cells are occupied by incoming 
items and are released by departing ones. Under those conditions, storage tends to 
fragment. A free cell may have a lower address than an occupied one, in which 
case the former is said to be "wasted". The object of interest is the equilibrium 
distribution of the stochastic process [X(t),  Y(t)], where X(t) is the number of 
wasted cells and Y(t) is the number of items present, at time t. 
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In all three cases, items arrive according to a Poisson process and have exponen- 
tially distributed required service times. In the first model, there are infinitely many 
servers and the storage scheduling strategy is "First-Fit". A closed form solution 
for the number of wasted cells is obtained. In the second model, there is a single 
server and the scheduling strategy is "Leftmost Preemptive-Resume". The interest 
of this model is that it provides an upper bound on the number of wasted cells, for 
a large class of storage strategies. A series expansion is obtained for the generating 
function of the joint distribution of X and Y. This yields a simple expression for 
the asymptotic behavior of E(X) under heavy load. 
The third model is also a single-server one, with a Processor-Sharing service 
discipline and a "Periodic Compaction" storage strategy. It bounds the number of 
wasted cells from below, at least within the class of Processor-Sharing strategies. 
The problem of finding the joint distribution of X and Y is reduced to that of 
solving a set of one-dimensional recurrence relations. Again, there is a simple 
asymptotic expression for E(X) under heavy load. 
Light Traffic Derivatives via Likelihood Ratios 
Martin I. Reiman* and Alan Weiss, AT&T Bell Laboratories, Murray Hill, NJ, USA 
We consider the steady-state behavior of open queueing systems with Poisson 
arrival processes in light traffic, that is, as the arrival rate tends to zero. We provide 
expressions for derivatives of various quantities of interest (such as moments of 
steady state sojourn times and queue lengths) with respect o the arrival rate, at an 
arrival rate of zero. These expressions are obtained using the regenerative structure 
of the queueing system, along with a change of measure formula based on likelihood 
ratios. The derivatives, which can be used in interpolation approximations, may be 
evaluated analytically in simple cases, and by simulation in general. 
Stochastic Ordering of Conditional Steady-State Probabilities 
Ad Ridder, University of Leiden, The Netherlands 
In [1] stochastic monotonicity and comparability of Markov chains are shown 
through corresponding properties of the matrices of transition probabilities. For 
stationary Markov chains this results in stochastic ordering of the steady-state 
distributions. We present a method to obtain stochastic ordering of conditional 
steady-state distributions. First we determine the conditional probabilities through 
an iterative scheme which is equivalent to the Gauss-elimination f solving a set of 
linear equations. Then the stochastic ordering result is established by monotonicity 
and comparability properties of submatrices of the matrices of transition prob- 
abilities. We show that in specific cases the ordering of conditional distributions 
yields ordering of the unconditional distributions. 
